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(54) VALVE SYSTEM OF ENGINE 

(57) An engine valve operating system Is provided in 
which a rocker arm (63) linked and connected to an en- 
gine valve (19) and has a cam-abutting portion (65) to 
abut a valve operating cam (69) is tumably connected, 
via first and second connecting shafts (64, 66), to one 
end of a first link arm (61 ) turnably supported on an engine 
body (1 0) and one end of a second Pink arm (62) tumably 
supported by a displaceable movable shaft (68a). Also, 
oil supply means (58) which supply oil to the upper con- 
necting shaft (64) of first and second connecting shafts 
(64, 66) are fixed to the engine body (10). This makes it 
possible to implement an engine valve operating system 
which Is compact in size, ensures follow-up ability of the 
valve opening/closing operation, has a simple lubricating 
structure with a reduced number of parts, and ensures 
smooth valve operation while allowing the lift amount of 
the engine valve to be varied continuously. 



FIG.1 
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Description 

TECHNICAL FIELD 

[0001 ] The present Invention relates to an engine valve ' 
operating system equipped vyith a variable valve lift 
mechanism which continuously varies the lift amount of 
an engine valve, namely an intake valve or exhaust valve. 

BACKGROUND ART 

[0002] A valve operating system in which one end of 
a push rod is fitted to one end of a rocker arm having a 
valve abutment part abutting to an engine valve at the 
other end side and a link mechanism is provided between 
the other end of the push rod and a valve operating cam 
in order to continuously change the anriount of lift of the. 
engine valve is already known, by Patent Document 1. 
[0003] However, in the engine valve operating system 
disclosed in the above-described Patent Document 1. it 
is necessary to ensure a comparatively large space to 
dispose a link mechanism and the push rod therein, be- 
tween the valve operating cam and the rocker arm, and 
therefore, the valve operating system becomes large in 
size. In addition, a driving force from the valve operating 
cam is transmitted to the rocker ann via the link mecha- 
nism and the push rod, and therefore. It Is difftoult to say 
follow-up abifity of the rocker arm to the vah/e operating 
cam, namely, follow-up ability of opening and closing op- 
eration of the engine valve is excellent. 
[0004] Thus, the applidant already proposes a valve 
operating system of the internal combustion engine In 
whteh one end portions of a first and second link arm are 
rotatably connected to a rocker arm, the otherend portion 
of the first link arm is rotatably supported at ah engine 
body, and the other end portion of the second link arm 
is displaced by drive means in Patent Document 2. Ac- 
cording to the valve operating system, it is possible to 
make the valve operating system compact and it is also 
possible to ensure excellent follow-up ability to the valve 
operating cam by directly transmitting the power from the 
valve operating cam to the rocker arm. 

Patent Document 1 : 

Japanese Patent Application Laid-open No. 8-74534 
Patent Document 2: 

Japanese Patent Application Laid-open No. 
2004-36560 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] .In the proposed valve operating system, the 
connecting portions of the first and second link anns with 
the rocker arm must be lubricated individually to ensure 
smooth valve operation. However, supplying oil individ- 
ually to both the connecting portions will not only com- 



plicate the configuration, but also Increase the number 
of parts. 

[0006] The present invention has been made in view 
of the above circumstances and has an object to provide 

s an engine valve -operating system which is compact In 
size, ensures follow-up ability, of the valve opening/clos- 
ing operation, has. a simple lubricating structure with a 
reduced number of parts, and ensures smooth valve op- 
eration while albwing the lift amount of the engine valve 

10 to be varied continuously. 

MEANS FOR SOLVING THE PROBLEMS 

[0007] To achieve the above object, according to a ftrst 

IS aspect and feature of the present invention, there is pro- 
vided an engine valve operating system, comprising a 
rocker arm which has a valve connecting portion linked 
and connected to an engine valve and a cam-abutting 
portion to abut a valve operating cam; a first link arm with 

20 one end turnably connected to the rocker arm via a first 
connecting shaft and the other end turnably supported 
at a fixed position on an engine body; a second link arm 
with one end turnably connected to the rocker arm via a 
second connecting shaft disposed side by side in a ver- 

25 tical arrangement with the first connecting shaft and the 
other end turnably supported by a movable shaft which 
is displaceable; drive means connected to the movEible 
shaft, being ready to displace the movable shaft In order 
to vary a lift amount of the engine valve continuously; 

30 and oil supply mearis which is fixed to the engine body 
and supplies oil to the upper one of the first and second 
connecting shafts. 

[0008] According to a second aspect and feature of 
the present invention in addition to the first aspect, there 

35 is provided the engine valve operating system, wherein 
the rocker ami is equipped with a support portion formed 
into a substantially U shape so as to sandwich a roller 
which is the cam-abutting portion from opposite sides; 
the one end of the first link arm is turnably connected to 

^ the support portion via the first connecting shaft which 
supports the roller; and the oil supply means Is disposed 
on the engine body so as to supply oil to a nriating surface 
between the first link ami and the support portion. 
[0009] According to a third aspect and feature of the 

45 present Invention in addition to the first aspect, there Is 
provided the engine valve operating system, wherein the 
oil supply means is disposed on a cam holder installed 
on the engine body so as to rotatably support a camshaft 
on which the valve operating cam Is mounted. 

so [001 0] According to a fourth aspect and feature of the 
. presisnt Invention in addition to any of the first to third 
aspects, there is provided the engine valve operating sys- 
tem, whereiri the oil supply means which is formed of oil 
Jets, each with a nozzle hole provided at the tip of a pipe, 

ss Is disposed on opposite sides of each cyllrider on the 
engine body. 

[0011] According to a fifth aspect and feature of the 
present invention in addition to any of the first to thirxJ 
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aspects, there is provided the engine valve operating sys- 
tem, wherein the oil supply means which is fomied of the 
oil jet with the nozzle hole provided at the tip of the pipe 
is disposed on one side of each cylinder on the engine 
body. 

EFFECT OF THE INVENTION 

[0012] With the arrangement of the first aspect, it is 
possible to vary the lift amount of the engine valve con- 
tinuously by displacing the movable shaft continuously. 
Also, since the one ends of the first and second Wnk arms 
are tumably connected directly to the roclcer ami, it is 
possible to decrease the space for placing the link arms, 
thereby reducing the stize of the valve operating system. 
Besides, since the power from the valve operating cam 
is transmitted directly to the cam-abutting portion of the 
roclcer ami, it is possible to ensure excellent follow-up 
ability to the valve operating cam. Furthermore, since the 
first ends of the first and second linlc amis are turnably 
connected to the rocker arm via the first and second con- 
necting shafts disposed side by side in a vertical arrange-, 
ment, and oil is supplied to the upper one of the first and 
second connecting shafts, the oil which has lubricated 
between the rocker arm and the upper one of the first 
and second link arms flows downward to lubricate be- 
tween the rocker ami and the lower one of the link arms. 
This makes it possible to lubricate the connecting por- 
tions between the rocker amn and both the first and sec- 
ond link amis using a simple lubricating structure with a 
reduced number of parts, and thereby ensure smooth 
valve operation. 

[001 3] With the an^ngement of the second aspect, it 
is possible to rotatably support the roller on the support 
portion of the rocker arm, and thereby reduce the size of 
the entire rocker ami including the roller. Also, the second 
aspect malces.it possible to lubricate the Joumals of the 
roller. 

[0014] With the arrangement of the third aspect, it is 
possible to supply oil with sufficient amount and sufTicient 
high pressure from the oil supply me9ns using an oil path 
for lubricating between the camshaft and cam holders. 
[0O1 5] With the arrangement of the fourth aspect, it is 
poissible to supply oil to lubrication points frorn the tips 
of oil jets disposed on opposite sides of each cylinder. 
[0O16] With the arrangement of the fifth aspect, it is 
possible to supply oil to lubrication points using a reduced 
number of oil jets. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] [FIG.1] FIG. 1 is a partial longitudinal sectional 
view of an engine acconJing to a first embodirrient taken 
along line 1-1 in FIG. 2. (Embodinrient 1) 

[FIG .2] FIG. 2 is a sectional view taken along line 

2-2 in FIG. 1. (Embodiment 1) 

[FIG .3] FIG. 3 is a view taken along line 3-3 in FIG. 



2. (Embodiment 1) 

[FIG. 4] FIG. 4 is a side view of a variable valve lift 
mechanism. (Embodiment 1) 
[FIG. 5] FIG. 5 IS an exploded perspective view of 
5 the variable valve lift mechanism. (Embodiment 1 ) 
[FIG. 6] FIG. 6 is an enlarged sectional view taken 
along line 6-6 in FIG. 4. (Embodiment 1) 
[FIG.7] FIG. 7 is a view along arrow 7 in FIG. 3. (Em- 
bodiment i.) 

10 [FIG.8A] FIG. 8A is an explanatory diagram illustrat- 
ing operation of the variable valve lift mechanism 
when a valve lift amount is high. (Embodiment 1) 
[FIG.8B] FIG; SB is an explanatory diagranri illustrat- 
ing operation of the variable valve lift mechanism 

IS when the valve lift amount is low. (Embodiment 1) 
[FIG. 9] FIG. 9 is a diagram showing a valve lift curve 
of an engine valve. (Embodiment 1 ) 
[FIG.1 0] F|G. 1 0 is an enlarged view of essential part 
of FIG. 3. (Embodiment 1) 

20 [FIG.1 1 ] FIG. 1 1 is a graph showing relationship be- 
tween the rotational angle of a control anm and rota- 
tional angle of a sensor ami. (Embodiment 1 ) 
[FIG.1 2] FIG. 12 IS a sectional view according to a 
second embodiment and corresponding to FIG. 2. 

25 (Embodiment 2) 

DESCRIPTION OF REFERENCE NUMERALS AND 
CHARACTERS 

30 [0018] 

10 Enginiebody 

1 9 Intake valve sending as an engine valve 

31 Camshaft 

35 46 Cam holder 

58 Oil jet serving as oil supply meems 

sea Pipe 

58b Nozzle hole 

61 First link ami 

40 62 Second link ami 

63 Rocker ami 

63a Valve connecting portion 

63b Support portion 

64 First connecting shaft 

65 Roller serving as a cam-abutting portion 

66 Second connecting shaft 
68a Movable shaft 

69 Valve operating cam 

72 Actuator motor serving as drive means 

so E Engine 

BEST MODES FOR CARRYING OUTTHE INVENTION 

[001 9] Mode for canying out the present invention will 
55 be described below with reference to embodiments of 
the present invention shown in the accompanying draw- 
ings. 



35 
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EMBODIMENT 1 

. [0020] FIGS. 1 to 11 show a first embodiment of the 
present invention. Rrst, referring to FIG. 1 . an engine 
body 1 0 of an In-line multi-cylinder engine E comprises 
a cylinder block 12 with cylinder bores 11 ... in the interior, 
a cylinder head 14 joined to a top face of the cylinder 
block 12» and a head cover 1 6 joined to a top face of the 
cylinder head 14. Pistons 13 ... are slidably fitted In the 
cylinder bores 1 1 .... Combustion chambers 15 ... facing 
tops of the pistons 13 ... are fomned between thecylinder 
block 12 and cylinder head 14. 

[0021] The cylinder head 14 is equipped with intake 
ports 17 ... and exhaust ports 18 ... which can be com- 
municated with combustion chambers 15 .... The intalce 
ports 1 7 are opened and closed by a pair of intake vah/es 
1 9 ..: which are engine valves while the exhaust ports 1 8 
are opened and closed by a pair of exhaust valves 20 .. . . 
Each intake valve 19 has a stem 19a slidably fitted in a 
valve guide 21 provided in the cylinder head 14. and is 
biased in a valve closing direction by a valve spring 24 
installed between a spring seat 22 provided at the upper 
end of the stem 1 9a and a spring seat 23 abutted by the 
cylinder head 1 4. Each exhaust valve 20 has a stem 20a 
slidably fitted in a valve guide 25 provided in the cylinder 
head 14 and is biased in a valve closing direction by a 
valve spring 28 installed between a spring seat 26 pro- 
vided at the upper end of the stem 20a and a spring seat 
27 abutted by the cylinder head 14. 
[0022] Refemng also to FIG. 2, the cylinder head 14 
integrally comprises a holder 44 which has supporting 
walls 44a ... placed on both sides of each cylinder. Caps 
45 ... and 47 ... are fastened tightly to each supporting 
wall 44a ... to form an intake cam holder 46 ... and ex- 
haust cam holder 48 ... in conjunction. Consequently, an 
intake camshaft 31 is rotatably supported by the intake 
cam holders 46 ... while an exhaust camshaft 32 is ro- 
tatably isupported by the exhaust cam holders 48 .... The 
intake valves 1 9 ... are driven by the intake camshaft 31 
via variable vah^e lifting mechanism 33 and the exhaust 
valves 20 ... are driven by the exhaust camshaft 32 via 
variable valve timing/rifting mechanism 34. 
[0023] The variable valve tirning/lrfting mechanism 34 
whbh drives the exhaust valves 20 ... is well-known, and 
will only be outlined here. A pair of low-speed rocker amns 
36, 36 and one high-speed rocker arm 37 are pivotably 
supported at their first ends on an exhaust rocker shaft 
35 supported by the supporting wall 44a ... In the exhaust 
cam holder 48. Rollers 38, 38 axially supported in inter- 
mediate parts of the low-speed rocker arms 36, 36 are 
abutted by two low speed cams 39, 39 mounted on the 
exhaust camshaft 32 while a roller 40 axially supported 
in an intermediate part of the high-speed rocker arm 37 
is abutted ty a high-speed cam 41 mounted on the ex- 
haust camshaft 32. Tappet screws 42 ... which abut the 
upper end of stem 20a ... of the exhaust valves 20 ... are 
screwed into the second ends of the Jow speed rocker 
arrns 36 in such a way as to allow their advance/retract 



position to be adjusted. 

[0024] The low speed rocker amns 36. 36 and the high 
speed rocker arm 37 can be conriected and disconnected 
by hydraulic control. When the engine E is running at low 
5 speed, if the low speed rocker arms 36, 36 and the high 
speed rocker arm 37 are dsconnected, the low speed 
rocker amis 36, 36 are driven by the conBsponding low 
speed cams 39, 39 and consequently the exhaust valves 
20 ... are opened and closed with a low valve lift and a 
10 low opening angle. On the other hand, when the engine 
E is running at high speed, if the low speed rocker amis 
36, 36 and the high speed rocker amn 37 are connected, 
the high speed rocker arm 37 is driven by the correspond- 
ing high speed cam 41 and consequently the exhaust 

15 valves 20 ... are opened and closed with a high valve lift 
and a high opening angle by the low speed rocker arms 
36, 36 coupled to the high speed rocker arm 37. In this 
way, the valve lift and valve timing of the exhaust valves 
20 ... are cohtrolled at two levels by the variable valve 

20 timing/lifting mechanism 34. 

[0025] Now, the structure of the variable valve lift 
mechanism 33 will be described by referring also to FIG. 
3 to FIG. 7. The variable valve lift mechanism 33 com- 
prises a rocker arm 63 which has a roller 65 serving as 

25 a cam-abutting portion to abut a valve operating cam 69 
mounted on the intake camshaft 31, first link ami 61 
whose first end is tumably connected to the rocker arm 
63 and whose second end is tumably supported at a fixed 
position on an engine body 10, and second link arm 62 

^ whose first end is tumably connected to the rocker ami 
63 and whose second end is tumably supported by a 
movable shaft 68a which Is displaceable. 
[0026] A valve connecting portion 63a into which tap- 
. pet screws 70 with adjustable advance/retract positions 

35 are screwed is installed on the first end of the rocker arm 
63, where the tappet screws 70, 70 abut the upper ends 
ofstems19a ...of a pair of intake valves 19 ...from above. 
The second end of the rocker arm 63 is formed into a U 
shape in such a way as to open to the side opposite to 

40 the intake valves 19 .... A first support portion 63b tum- 
ably connected with the first end of the first link ami 61 
and a second support portion 63c tumably connected 
with the first end of the second link anm 61 are installed 
on the second end of the rocker arm 63 in such a way 

45 that the second support portion 63c is placed below the 
first support portion 63b. The roller 65 which is in rolling 
contact with the valve operating cam 69 of the intake 
camshaft 31 is held in the first support portion 63b which 
has a U shape. It is axially supported by the first support 

50 portion 63b coaxially with the connecting portion on the 
first end of the first link ami 61 . 

[0027] The rocker arm 63 is configured such that the 
valve connecting portion 63a is broader in width along 
the axial direction of the valve operating cam 69 than the 
55 other part while the first support portion 63b and second 
support portion 63c have the same width. 
[0028] The first fink arm 61 is formed into a U shape 
with a pair of first connecting portions 61a which sand- 
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wich the rocker arm 63 from both sides, a cylindrical fixed 
support portion 6 1 b, and a pair of ami portions 61 c which 
link the first connecting portions 6 1 a and the fixed support 
portion 61b. 

[0029] The first connecting portions 61 a at a first end 
of the first link ami 61 are tumably connected to the first 
support portion 63b at the second end of the rocker arm 
63 via a cylindrical first connecting shaft 64 fixed in a first 
connecting hole 49 provided in the first support portion 
63b. The roller 65 is also axially supported by the first 
support portion 63b via the first connecting shaft 64. An 
outer flank of that part of the first support portion 63b 
which opposes the intake camshaft 31 overlaps with out- 
er flanks of the first connecting portions 61a of the first 
link arm 61 as viewed laterally, forming an arc around 
the axis of the first connecting shaft 64. 
[0030] The second link anm 62 placed below the first 
link Bfm 61 has a first connecting portion 62a at the first 
end, and a movable support portion 62b at the second 
end. The second connecting portion 62a is held In the 
second support portion 63b which has a U shape. The 
second support portion 63c has a second connecting 
hole 50 which runs horizontally, being aligned vertically- 
i.e., in the opening/closing direction of the intake valves 
1 9 ... -with the first connecting hole 49 of the first support 
portion 63b. The second connecting portion 62a is tum- 
ably connected to the second support portion 63c via a 
second connecting shaft 66 fixed in the second connect- 
ing hole 60, 

[0031] The first end of the rocker ami 63 is coupled to 
the pair of intake valves 19 ... , and the valve operating 
cam 69 in abutment with the roller 65 is Installed in an 
Upper part the second end of the rocker ami 63. Also, 
the first connecting portions 61 a, 61a on the first end bf 
the first link arm 61 and secpnd corinecting portion 62a 
at the first end of the second link ann 62 located below 
the first link ann 61 are vertically arranged in parallel and 
relatively tumably connected to the second end of the 
rocker arm 63. 

[0032] The rocker ami 63 integrally comprises a pair 
of connecting walls 63d ... which link the U-shaped first 
. and second support portions 63b arid 63c. If a tangent 
line L is drawn to outer edges of the first and second 
connecting holes 49 and 50 on the side nearer to the 
intake valves 19..,, the connecting walls 63d are formed 
such that at least part of the connecting walls 63d ... are 
located on the opposite side of the tangent line L from 
the two intake valves 1 9 ...to.link the first support portion 
63b with the second support portion 63c. 
[0033] Besides, recesses 5i ... are fomried in the con- 
necting walls 63d ... in such a way as to face the movable 
shaft 68a when the movable support portion 62b on the 
second end of the second link ami 62 is at the closest 
point to the rocker arm 63. Furthermore, a narrow por- 
tions 52 ... are fonmed on the connecting walls 63d ... in 
such a way as to be recessed inward, for example. 
[0034] The fixed support portion 61b on the second 
end of the first link ami 61 is tumably supported by afixed 



spindle 67 supported statically by supporting walls 44a ... 
which constitute lower parts of intake cam holders 46 ... 
provided for the engirie body 1 0. 
[0035] Referring specifically to FIG. 6, a pair of sup- 

5 porting bosses 53, 53 are mounted Integrally to the sup- 
porting walls 44a ... in a protmding condition so as to 
sandwich the fixed support portion 61b of the first link 
ami 61 from both sides in the axial direction. The sup- 
porting bosses 53 ... are equipped with small-diameter 

10 shaft portions 53a ... which can come into sliding contact 
with opposite end faces of the fixed support portion 61b, 
and shoulders 53b ... which face-but stay clear of-op- 
posite end faces of the fixed support portion 61 b in. such 
a way as to enclose the base end of the small-diameter 

IS shaft portions 53a .... The fixed spindle 67 is supported 
statically by the supporting bosses 53 ... in such a way 
as to penetrate the small-diameter shaft portions 53a ... 
cbaxially. 

[0036] The intake valves 1 9 ... are biased in tiie valve 
20 closing direction by valve springs 24 .... When the intake 
valves 19 ... spring-biased in the valve closing direction 
are driven in the valve closing direction by the rocker ami 
63, the roller 65 of the rocker ann 63 is held in abutment 
with the valve operating cam 69 by the valve springs 
25 24 .... However, when the intake valves 1 9 ... are closed, 
the spring force of the valve springs 24 ... does not act 
on the rocker ami 63, and thus the roller 65 leaves the 
valve operating cam 69. This may reduce control accu- 
racy of the valve lift amounts when the intake valves 1 9 ... 
30 areslightly opened. The rocker ami 63 is biased by rocker 
arm bias springs i54 ... separate from the valve springs 
24 ... in such a direction as to abut the roller 65 against 
the valve operating cam 69, 

[0ra7] The rocker arm bias springs 64 ... are coiled 

35 tortional springs whkih surround one of the fixed spindle 
. 67 and the movable shaft 68a which tumably support the 
fixed support portion 61b and movable support portion 
62b at the second ends of the first and second link amis 
61 and 62. According to this example, the rocker ami 

^ bias springs 54 ... are installed between the engine body 
1 0 and rocker amn 63 so as to surround the fixed spindle 
67viathesmall-diametershaft portions 53a ... ofthe sup- 
porting bosses 53 .... That is, first ends of the. rocker ami 
bias springs 54 ...which surround the small-diameter 

45 shaft portions 53a ... are engaged with latch pins 55 im- 
planted in the shoulders 53t) ... of supporting bosses 
53 ... while the second ends of the rocker ami bias 
springs 54 ... are inserted in. and engaged with, tiie hol- 
low first connecting shaft 64 which move together with 

50 the rocker ami 63. 

[0038] The fixed support portion 61b on the second 
end of the first link ami 61 is fomied into a cylindrfcal 
shape with its outer circumference placed within the outer 
circuribferencie of the rocker arm bias springs 54 

55 wound into coils-when viewed laterally. At axially oppo- 
site ends of the fixed support portion 61b, a plurality of 
protrusions, for example, a pair of protrusions 56 and 57, 
spaced circumferentially from each other, are installed 
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to prevent the rocker arm bias springs 54 ... from falling 
toward the fixed support portion 61b. The protrusions 56 
and 57 are kept dear of a working area of the second 
link arm 62. 

[0039] The oil Jets 58 ... serving as oil supply means 
are fixed to the engine body 1 0 to supply oil to the upper 
one of the first and second connecting shaXts 64 and 66 
arranged one above the other so as to connect the first 
connecting portions 61a ... and second connecting por- 
tion 62a on the first ends of the first and second link amis 
61 and 62 to the second end of the rocker am^ 63. Each 
oil jet 58 has a nozzle hole 58b at the tip of a pipe 58a. 
. According to this example, the oil Jets 58 ... which supply 
oil to the first connecting shaft 64, the upper one of the 
first and second connecting shafts 64 and 66, are fixed 
to caps 45 ... of the intake cam holders 46 ... Installed on 
the engine body 10. According to this example, the oil 
jets 58 ... are installed on the caps 45 ... on the engine 
body 1 0. on both sides of the cylinder, with the tips of the 
pipes 58a . .. pJaced inside the rim of a combustion cham- 
ber 1 5 when viewed ori a projection to a plane orthogonal 
to the axis of the cylinder (plane parallel to the paper in 
FIG. 2). 

[0040] The first support portion 63b formed into an ap- 
propriate U shape in such a way as to hold the roller 65 
from both sides is installed in an upper part the second 
end of the rocker arm 63. The first connecting portions 
61 a ... at the first end of the first link arm 61 are turnably 
connected to the first support portion 63b at the second 
end of the roicker arm 63 via.the first connecting shaft 64 
which supports the roller 65. The oil jets 58 ... are dis- 
posed on the caps 45 ... to supply oil to the mating surface 
between the first connecting portions 61a ... of the first 
link arm 61 and the first supi3ort portion 63b. 
[0041] The movable shaft 68a which rotatably sup- 
ports the movable support portion 62b whteh the second 
link arm 62 has on its other end is installed on a crank 
member 66. The crank menriber 68 has the movable shaft 
68a and a spindle 68c mounted on opposite ends of a 
connection plate 68b at right angles to the connection 
plate 68b and protruding in mutually opposite directions, 
where the connection plate 68b is placed in a plane par- 
allel to a working plane of the second link ami 62. The 
spindle 68c is rotatably supported in a support hole 16a 
provided in the head cover 16 of the engine body 10. 
[0042] When the rocker arm 63 is at the raised position 
shown in FIG. 4. that is, when the intake valves 19... are 
in a closed state, the spindle 68c of the crank member 
68 is placed coaxially with an axis C of the second con- 
necting shaft 66, which pivotably supports the lower part 
of the rocker arm 63 (see FIG. 5). Therefore, when the 
crankmember 68 swings around the axis of the spindle . 
68c, the movable support shaft 68a moves on an arc A 
(see FIG. 4) whteh has its center at the spindle 68c. 
[0043] The spindle 68c of the crank member 68 sticks 
out from the support hole 16a in the head cover 16. A 
control arm 71 is fixed to the tip of the spindle 68c and 
driven by an actuator motor 72 mounted on an outer wall 



of the cylinder head 14 and serving as drive means. That 
is, a nut member 74 meshes with a threaded shaft 73 
rotated by the actuatpr motor 72, a first end of a connect- 
ing link 76 is pivotably supported on the nut member 74 

5 via a pin 75, and the second end is connected to the 
control arm 71 via pins 77, 77. Therefore, wheri the ac- 
tuator motor 72 is operated, the nut member 74 moves 
along the rotating threaded shaft 73, the crsuik member 
68 is caused to swing around the spindle 68c t^y the con- 

10 trol arm 71 connected to the niit member 74 via the con- 
necting link 76, and consequently the movable support 
shaft 68a moves between the position shown in FIG. 8A 
and the position shown in FIG. 8B. 
[0044] A rotational angle sensor 80 such as a rotary 

15 encoder is installed on an outer wall surface, of the head 
cover 16 with a first end of a sensor arm 81 fixed to the 
tip of a sensor shaft 80a. A guide groove 82 is provided 
in the control aim 71 linearly extending along its length, 
and a connecting shaft 83 mounted on the second end 

20 of the sensor arm 81 is slidably fitted in the guide groove 
82. 

[0045] The threaded shaft 73, nut member 74, pin 75, 
connecting link 76, pins 77, 77, control arm 71 , rotational 
angle sensor 80, sensor arm 81, and connecting shaft 
25 83 are housed within wall pbrtioris 1 4a and 1 6b sticking 
out from flanks of the cylinder block 14 and head cover 
1 6. A cover 78 whteh covers end faces of the wall portions 
1 4a and 1 6b is fixed to the wall portions 1 4a and 1 6b with 
: bolts 79.... 

30 [0046] Inthevariablevalveriftingmechanism33,when . 
the control arm 71 is turned counterclockwise by the ac- 
tuator motor 72 from the position indicated by the solid 
line in FIG. 3, the crank mernber 68 (see FIG. 5) con- 
nected to the controrami 71 turns counterclockwise and . 

35 the movable support shaft 68a of the crank member as- 
cends as shown in FIG. 8A. When the valve operating 
cam 69 rnounted on the intake camshaft 31 pushes the 
roller 65 in this state, a four-bar link joining the fixed spin- 
dle 67, first conn.ecting shaft 64, second connecting shaft 

^ 68, and movable support shaft 68a deforms, causing the 
rocker arm 63 to swing downward from the chain-line 
position to the soltd-line position, causing the tappet 
screws 70, 70 to push the stems 19a... of the intake 
valves 19, and thereby opening the intake valves 19 ... 

45 with a high valve lift. 

[0047] When the control arm 71 is turned to the solid- 
line position in FIG. 3 by the actuator motor 72, the crank 
member 68 connected to the control arm 71 turns clock- 
wise and the movable support shaft 68a of tiie crank 

so member 68 descends as shown in FIG. 8B. When the 
valve operating cam 69 mounted on the intake canfishaft 
31 pushes the roller 65 in this state, the four-bar link de- 
forms, causing the rocker ami 63 to swing downward 
from the chain-line position to the solid-line position, 

55 causing the tappet screws 70, 70 to push ttie stems 1 9a 
ofthe intake valves 19 ... . and thereby opening the intake 
valves 1 9 ... with a low valve lift. 
[0048] FIG. 9 Is a diagram showing a valve lift curve 
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of the intake valve 1 9. The opening angle with the high 
valve lift corresponding to FIG. 8A is the same as the 
opening angle with the low valve lift corresponding to 
FIG. 8B, and only the amount of lift has changed. In this 
way; the variable vah/e lifting mechanism 33 allows only 
the amount of lift to be changed Ireely without changing 
the opening angle of the intake valves 19 .... 
[0049] When changing the lift of the Intake valves 1 9 ... 
by swinging the crank member 68 using the actuator nno- 
tor 72. it is necessary to detect the magnitude of the lift. 
I.e. , the rotational angle of the spindle 68c of the crank 
member 68. and feed it back for use in controlling the 
actuator motor 72. For that reason, the rotational angle 
of the spindle 68c of the crank member 68 is detected 
by the rotational angle sensor 80. To simply detect the 
rotational angle of the spindle 68c of the crank member 
68. the rotational angle sensor 80 can be connected di- 
rectly to the spindle 68c. However, since the intake effi- 
ciency changes greatly with only a slight change in the 
amount of valve lift in the low valve lift regioni it is nec- 
essary to detect the rotational angle of the spindle 68c 
of the crank member 68 accurately and feed It back for 
use . in controlling the actuator motor 72. On the other 
hand, in the high valve lift region, since the intake effi: 
ciency does not change greatly even when the amount 
of valve lift changes to some extent, high accuracy is hot 
required to detect the rotational angle. 
[0050] The position of the control ami 71 indicated by 
the solid line in FIG. 1 0 con-esponds to the low valve lift 
region and the position of the control arm 71 indicated 
by the chain line in the anticlockwise direction away from 
the low valve lift region corresponds to the high valve lift 
position. In the low valve lift region, since the connecting 
shaft 83 of the sensor arm 81 fixed to the sensor shiaft 
80a of the rotational angle sensor 80 is engaged with the 
tip side (the side farther from the axis C) of the guide 
groove 82 of the control aim 71, even a slight swing of 
the control amri 71 results In a large swing of the sensor 
arm 81. This magnifies the ratio of the rotational angle 
of the sensor shaft 80a relative to the rotational angle of 
the crank member 68, enhancing the resolution of the 
rotational angle sensor 80, and thus making it possible 
to detect the rotational angle of the crank member 68 
with high accuracy. 

[0051] On the other hand, in the high valve lift region 
where the control arm 71 has swung to the position indi- 
cated by the chain line, since the connecting shaft 83 of 
the sensor ami 81 fixed to the sensor shaft 80a of the 
rotational angle.sensor 80 is engaged with the base side 
(the side closer to the axis C) of the guide groove 82 of 
the control arm 71 , even a large swing of the control arm 
71 results in a slight swing of the sensor arm 81 . This 
reduces the ratio of the rotational angle of the sensor 
shaft 80a relative to the rotational angle of the crank 
member 68, decreasing the detection accuracy of the 
rotational angle of the crank member 68 compared to 
when the valve lift is low. 

[0052] As is dear from FIG. 11. when the rotational 



angle of the control arm 71 increases from a low valve 
lift state to a high valve lift state, the detection accuracy 
Is high at first since the rate of increase of the angle of 
the siBnsor ami 81 is high, but the rate of increase falls 
5 gradually, resulting in low detection accuracy. 

[0053] In this way. without an expensive rotational an- 
gle sensor with high detection accuracy, by designing 
the sensor ami 81 of the rotational angle sensor 80 to be 
engaged with the guide groove 82 of the control arm 71 , 
10 it is possible to ensure high detection accuracy in;a low 
valve lift state where a high detection accuracy is re- 
quiredj and thereby contribute to cost reduction. 
[0054] In this an^ngement. since one end (the end 
closer to the spindle 68c) of the control arm 71 and one 
15 end (the end closer to the rotational angle sensor 80) of 
the sensor anm 81 are placed in proximity to each other 
and the guide groove 82 is formed in the end of the control 
arm 71, the sensor ami 81 can be made compact with 
reduced length. Incidentally, the fonnatlon of the guide 
20 groove 82 in the end of the control ami 71 reduces the 
• distance from the axis .C, reducing the amount of travel 
in the circumferential direction of the guide groove 82 as 
well. However, the length of the sensor ami 81 is also 
reduced, ensuring a sufficient rotational angle for the sen- 
25 sor arm 81 , and thereby ensuring the detection accuracy 
of the rotational angle of the sensor 60. 
[0055] Now, operation of the first embodiment will be 
described. In the variable valve lifting mechanism 33 
which continuously varies the lift amounts of the intake 
30 valves 19 ... , the first connecting portions 61a, 61a and 
second connecting portion 62a attached to the first ends 
of the first link ami 61 and second link ami 62, respec- 
tively, are arranged in parallel and relatively tumably con- 
nected to the second end of the rocker ami 63 having at 
35 a first end a valve connecting section 63a coupled to the 
pair of intake vah^es 1 9 .... The fixed support portion 61 b 
on the second end of the first link arm 61 is tumably sup- 
ported by the fitted spindle 67 supiported by the engine 
body 1 0. The movable support portion 62b on the second 
^ end of the second link ami 62 is tumably supported by 
the movable support shaft 68a which is displaceable. 
[0056] Thus, by varying the movable support shaft 68a 
continuously, it is possible to vary the lift amounts of the 
intake vajves 19 ...continuously. Moreover, since the first 
45 ends of the first and second link amis 61 and 62 are 
tumably connected directly to the rocker ami 63. it is pos- 
sible to reduce the space required for the link amis 61 
and 62, and thereby reduce the size of the valve operating 
system. Also, since power is trahsnriitted directly from the 
so valve operating cam 69 to the roller 65 of the rocker ami 
63, it is possible to follow the valve operating cam 69 
properly. Besides, jthe rocker ami 63 and the first and 
second link amis 61 and 62 can be placed at almost the 
same location along the axis of the intake camshaft 31 , 
55 making "it possiblje to reduce the size of the vah^e oper- 
ating system along the axis of the intake camshaft 31. 
[0057] The rocker arm 63 equipped with the first and 
second support portions 63b and 63c which tumably con- 
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nect the first ends of the first and second link amis 61 
and 62 as well as with a valve connecting portion 73a 
into which tappet screws 70 ... each of which abuts on 
the pair of intal<e valves 19 ... with adjustable advance/ 
retract positions are screwed Is configured such that the 5 
valve. connecting portion 63a is broader in width along 
the axial direction of the valve operating cam 69 than the 
other part. This makes it possible to minimize the width 
of the rocker arm 63 in the direction of the rotational axis 
of the valve operating cam 69, again reducing the size io 
of the valve operating system. Besides, since the first 
support portion 63b and second support portion 63c have 
the same width in the rocker ami 63, it is possible to 
reduce the size of the roclcer arm 63 while simpfifying.its 
shape. 15 
[0058] Since the first support portion 63b installed on 
the rocker ami 63 is fonried into an appropriate U shape 
in such a way as to hold the roller 65 from both sides and 
the roller 65 is tumably supported by the first support 
portion 63b, it is possible to teduce the size of the entire 20 
rocker arm 63 including the roller 65. Moreover, the pair 
of first connecting portions 61a ... which sandwich the 
first support portion 63b from both sides Is installed on 
the first end of the first link ami 61, the first connecting 
portions 61a ... areturnably connectedtothefirstsupport 25 
portion 63b via the first connecting shaft 64, and the roller 
65 is axially supported by the first support portion 63b 
via the first connecting shaft 64. Thus, it is possible to 
reduce, the number of p^rts as well as the size of the 
valve operating system by using the common first con- so 
necting shaft 64 to turnatHy connect the first end of the 
first link arm 61 to the first support portion 63b at the first 
end of the first link ami 61 and axially support the roller 
65 on the first support portion 63b. 

[0059] The first and second connecting holes 49 and 35 
50 which receive the first and second connecting shafts 
64 and 66 which tumably connect the first ends of the 
first and second link arms 61 and 62, respectively, are 
provided in the first dnd second support portions 63b and 
63c of the rocker arm 63 in such a way as to extend ^0 
horizontally, being aligned in the opening/closing direc- 
tion of the intake vah/es 1 9 .... Also, the first and second 
support portions 63b and 63c are linked by the connecting 
walls 63d at least part of which are located on the opposite 
side of a tangent line L from the two intake valves 1 9 ... ^^5 
when the tangent line L is drawn to outer edges of the 
first and second connecting holes 49 and 50.on the side 
nearer to the intake vah^es 19 .... This enhances the ri-- 
gidity of first and second support portions 63b and 63c. 
[0060] Besides, since recesses 51 ... are formed in the so 
connecting walls 63d ... in such a way as to face the sec- 
ond connecting portion 62a on the second end of the 
second link ami 62 when the second connecting portion 
62a is at the closest point to the rocker arm 63, it is pos- 
sible to displace the second connecting portion 62a of ss 
the second link arm 62 to the closest point to the rocker • 
arrn 63. This makes it possible to maximize the largest 
lift amounts of the intake valves 19 ... while allowing the 



size of the valve operating system to be reduced. 
[0081] Furthenmore, since the nan-ow portions 52 ... 
are formed on the cohnectihgwalls 63d ... , it is possible 
to curb increases in the weight of the rocker arm 63 while 
allowing the rigidity of the rocker arm 63 to be Increased 
by the connecting waljs 63d .... 

[0082] Since the oil Jets 58 ... which supply oil to tiie 
first connecting shaft 64-the upper one of the first and 
second connecting shafts 64 and 66 which connect the 
first ends of the first and second link amis 61 and 62 to 
the rocker arm 63-are fixed to the engine body 10, the 
oil whidi lubrrcaites between the rocker arm 63 and the 
fir^ link arm 61— the upper one of the first and second 
link amis .61 and 62-flows downward to lubricate be- 
tween the rocker arm 63 and the second link arm 62, i.e., 
the lower Jink ami. This makes it possible to lubricate the 
connecting portions between the rocker anm 63 and both 
the first and second link amis 61 and 62 using a simple 
lubricating structure with a reduced number of parts, and 
tliereby ensure smooth valve operation. 
[0083] Moreover, the rocker ami 63 is equipped with 
the first support portion 63b fomied into a substantially 
U shape in such a way as to hold the roller 65 from both 
sides,, the first connecting portions 61a ... at the first end 
of the first link anm 61 are tumably connected to the first 
support portion 63b via the first connecting shaft 64 which 
supports the roller 65, and the oil jets 58 ... are disposed 
on the engine body 10 so as to supply oil to the mating 
surface between the first link arm 61 and the first support 
portion 63b. This makes it possible to lubricate the Jour- 
nals of the roller 65 as well. 

[0084] Also, since the oil jets 58 ... are disposed on 
caps 45 ... of the intake cam holders 46 ... installed on 
the engine body 1 0 in such a way as to rotatably support 
the intake camshaft 31 on which the valve operating cam 
69 is mounted, It is possible to supply sufficient amounts 
of oil from the oil Jets 58 ... at a sufficiently high pressure 
using an oil path used to lubricate between the camshaft 
31 and Intake cam holders 46 .... 
[0085] According to this example, since the oil jets 
58 ... each with a nozzle hole 58b at the tip of a pipe 58a 
are installed on the caps 45 ... on the enginiB body 11, 
on both sides of the cylinder, with the tips of the pipes 
58a ... placed inside the rim of the combustion chamber 
15 when viewed on a projection to a plane orthogonal to 
the axis of the cylinder, it is possible to supply oil reliably 
to lubrication points by bringing the tips of the oil Jets 58 .\, 
close to the lubrication points. 

[0066] The intake valves 19 are biased in the valve 
closing direction by valve springs 24 but the rocker 
arm 63 is biased by the rocker arm bias springs 54 ... 
separate from the valve springs 24 ... in such a direction 
as to abut the roller 65 against the valve operating cam 
69. Thus, even when the intake valves 19 ... are closed, 
the roller 65 of the rocker ami 63 does not leave the valve 
operating cam 69. This increases the control accuracy 
of the vah^e lift amounts. even when the intake valves 
1 9 ... are slightly opened. 
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[0067] The rocker arm bias springs 54 ... are coiled 
tortlonal springs which surround one of the fixed spindle 
67 and the movable shaft 68a>-the fixed spindle 67, In 
this example-which tumably support the fixed support 
the second ends of the first and second link anms 61 and 
62. This makes it possible to reduce the installation space 
of the rocker arm bias springs 58 ... , thereby reducing 
the size of the valve operating system. 
[0068] Moreover, since the pair of supporting bosses 
53 which support the fixed spindle 67 are mounted on 
the supporting walls 44a ... of the intake cam holders 
46 ... of the engine body 1 0 so as to sandwich the second 
end of the first link arm 61 from both sides and the rocker 
ami bias springs 54 ... are mounted between the engine 
body 10^ and rocker arm 63 in such a way as to surround 
the supporting bosses 63, 63s, ft is possible to lay out 
the rocker ami bias springs 54 ... compactly by limiting 
the movement of the fixed support portion 61b on the 
second end of the first link arm 61 with the pair of sup- 
porting bosses 53. 53 and keeping compression of the 
rocker ann bias springs 54 ... from affecting the fixed 
spindle 67. 

[0069] The cylindrteal fixed support portion 61 b is In- 
stalled on the second end of the first link arm 61 , being 
turnably supported by a fixed spindle 67, with Its outer 
circumference placed within the outer circumference of 
the rocker arm bias springs 64 ... when viewed laterally. 
At axiaily opposite ends of the fixed support portion 61b, 
the plurality of protrusions 56, 57 and so on, spaced 
circumferentially from each other, are installed to prevent 30 
the rocker arm bias springs 54 ... from falling toward the 
fixed support portion 61 b. Thus. It Is possible to prevent 
the rocker ami bias springs 54 ... from falling forward and 
increase support rigidity of the fixed support portion 61b 
without increasing the size of the fixed support portion 35 
61b. 

[0070] Besides, since the protrusions 56 and 57 ... are 
kept clear of the working area of the second link arm 62, 
it is possible to secure a sufficiently large working area 
for the second link arm 62 even though the protrusions 
56, 57 and so on are installed on the fixed support 
portion 61b. 

[0071] Also, the variable valve lifting mechanism 33 
comprises the crank member 68 on opposite ends of the 
connection plate 68b. where the movable shaft 68a and 45 
the spindle 68c whose axis is parallel to the movable 
shaft 68a stick out from the crank member 68, and the 2. 
spindle 68c is turnably supported on the head cover 16 
of the engine body 10. Thus. by tumingthecrankmember 
68 on the axis of the spindle 68c, it is possible to displace so 
the movable shaft 68a easily and simplify the mechanism 
for displacing the movable shaft 68a by the actuator mo- 
tor 72. 

EMBODIMENT 2 ss 

[0072] FIG. 12 shows a second embodiment of the 
present invention. Components con-esponding to those 



in the first embodiment are denoted by the same refer- 
ence numerals as those in the first example. 
[0073] An oil jet 58 serving as oil supply means Is fixed 
to the engine body 10 to supply oil to a first connecting 
5 shaft 64 (see the first embodiment) which connects a first 
end of a first link arm 61 to a second end of a rocker arrh 
63. According to the second example, tiie oil jet 58 is 
installed on a cap 45 on the engine body 10, on one side 
of the cylinder, with the tip of a pipe 58a placed inside 
10 the rim of a combustion chamber 15 when viewed on a 
projection to a plane orthogonal to tiie axis of the cylinder 
(plane parallel to the paper in Fl(3. 12). 
[0074] According to the second embodiment, it is pos- 
sible to reduce the number of oil jets 58 and supply oil 
IS reliably to lubrication points by bringing the tips of the oil 
jets 58 close to the lubrication points from one side of the 
cylinders. 

[0075] The present invention is not limited to the em- 
bodiments described above and allows various design 
20 changes without departing from the scope of the present 
Invention set forth In the appended claims. 



Claims 

25 

An engine valve operating system, comprising a 
rocker ami (63) which has a valve connecting portion 
(63a) linked and connected to an engine valve (19) 
and a cam-abutting portion (65) to abut a valve op- 
erating cam (69); a first link ami (61) with one end 
tumably connected to the rocker arm (63) via a first 
connectingshaft (64)andthe otherend turnably sup- 
ported at a fixed position on an engine body (10); a 
second link arm (62) with one end tumably connect- 
ed to the rocker am (63) via a second connecting 
shaft (66) disposed side by side In a vertical arrange- 
ment with the first connecting shaft (64) and the other 
end tumably supported by a movable shaft (68a) 
which is displaceable; drive means (72) connected 
to the movable shaft (68a), being ready to displace 
the movable shaft (68a) in order to vary a lift amount 
of the engine valve (1 9) continuously; and oil supply 
means (58) which is fixed to the engine body (10) 
and supplies oil to the upper one (64) of the first and 
second connecting shafts (64, 66). 

The engine valve operating system according to 
claim 1 , wherein the rocker arm (63) is equipped with 
a support portion (63b) formed into a substantially U 
shape so as to sandwich a roller (65) which is the 
cam-abutting portion from opposite sides; the one 
end of the first link arm (61 ) is tumably connected to 
the support portion {63b) via tiie first connecting shaft 
(64) whteh supports the roller (65); and the oil supply 
means (58) is disposed on the engine body (10) so 
as to supply oil to a mating surface between the first 
link arm (61) and the support portion (63b). 
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3. The engine valve operating system according to 
claim 1 or 2. wherein the oil supply means (58) Is 
disposed on cam holders (46) installed on the engine 
body (1 0) so as to rotatably support a camshaft (31 ) 

on which the valve operating cam (69) Is mounted. 5 

4. The engine valve operating system according to any 
of claim 1 to 3, wherein the oil supply means (58) 
which is fomied of oil jets (56), each with a nozzle 
hole (58b) provided at the tip of a pipe (58a), is dis- 
posed on opposite sides of each cylinder on the en- 
gine body (10). 

5. The engine valve operating system according to any 

of claim 1 to 3, wherein the oil supply means (58) is 
which Is formed of the oil jet (58) with the nozzle hole 
(58b) provided at the tip of the pipe (58a) is disposed 
on one side of each cylinderon the engine body (1 0). 

20 
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HIGH VALVE LIFT 
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FIG.8B 

LOW VALVE LIFT 
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